INTRODUCTION
Low-grade systemic inflammation depicted by high sensitivity C-reactive protein (hs-CRP) and low birthweight have emerged as predictors of cardiovascular diseases (CVDs), [1] [2] [3] an important cause of mortality worldwide.
In studies involving adolescents and adults, higher concentrations of CRP have been associated with low birthweight, 4, 5 beyond the associations with the well-known markers of CVDs, for example, overweight/obesity, dyslipidemia, insulin resistance and hypertension [6] [7] [8] [9] However, very few studies have explored the associations between CRP concentrations in childhood and low birthweight, [10] [11] [12] and most of them are from developed countries. CRP is generally constant in healthy individuals, but it can increase nonspecifically when acute illness or inflammation occur. Usually, children from developing countries are more exposed to infections and repeated parasitic infestations than are populations in developed countries, 13 predisposing them to persistently elevated CRP concentrations. Children from developing countries are also more exposed to a lower weight at birth, compared with children from developed countries. 14 Soehnle, model 7500, Murrhardt, GermanyTherefore, the purpose of this study was to assess the relationship between hs-CRP concentrations and birthweight, and other risk markers for CVDs in 459 Brazilian children aged 5-8 years.
MATERIALS AND METHODS
This cross-sectional study is part of a previous cohort initially involving 865 Brazilian pregnant women, followed up between 1997 and 2000 until the birth of their children. The women were recruited from all health units and hospitals in Jundiai city, representing a population of pregnant women from low socioeconomic class. Details of the study are given elsewhere. 15 Data on anthropometry and physical examination of the newborn babies were collected per protocol from the hospital records, and checked on the next day after birth by a pediatrician.
The present study was conducted between 2004 and 2006. During this period, 745 women and their children aged 5-8 years were located and invited to participate in the study. The inclusion of the child depended on the consent of 649 mothers or responsible persons, who answered a questionnaire concerning socioeconomic and demographic data. Anthropometric measurements (weight, height and waist circumference) were estimated from 506 children according to Jellife and Jellife 16 recommendations; and subsequently after 10-12 h fast blood samples were collected for hs-CRP and lipid profile (total cholesterol and fractions, triglycerides), and glucose and insulin determinations. Blood pressure measurements were assessed from 459 children.
The children were weighed by an electronic scale (Soehnle, model 7500, Murrhardt, Germany); accuracy of 100 g. Their height was measured using a Seca stadiometer (Leicester Portable Height measure model, Hamburg, Germany); accuracy of 0.1 cm. Waist circumference measurement was obtained by a tape measure (Microtoise, CMS Weighing Equipment, London, UK); accuracy of 0.1 cm. The nutritional status of the children was assessed by the body mass index (BMI) (weight/height 2 ) and waist circumference, a measure of central obesity. 17 BMI values were classified according to the Centers for Disease Control and Prevention (CDC) percentile classification into the following categories: underweight (o5th); normal weight (5th-85th); risk of overweight (85th-95th); overweight (X95th) (CDC; http://www.cdc.gov/GROWTHCHARTS). Waist circumference measurements were compared with a British standard. 18 The concentrations of hs-CRP were determined by particle-enhanced immunonephelometry using the CardioPhase hs-CRP reagent (Dade-Behring, Marburg, Germany), and classified according to the percentiles for American white adults, 19 considering that there is no classification for children. Cutoff values below 1.0, from 1.0 to 3.0, and above 3.0 mg/l have been suggested as predicting low, intermediate and high cardiovascular risk, respectively. Total cholesterol and HDL-c were measured by a colorimetric enzymatic method, using the Bayer ADVIA 1200 clinical chemistry system (Pittsburgh, PA, USA). The concentrations of low-density lipoprotein cholesterol (LDL-c) were determined by the Friedwald formula. Triglyceride concentrations were assessed photometrically following an enzymatic reaction using the Bayer ADVIA 1200 clinical chemistry system. Total cholesterol and fractions, and triglyceride concentrations were classified according to the recommendations of the First Guidelines for the Prevention of Atherosclerosis during Childhood and Adolescence. 20 Glucose was obtained by an enzymatic method using the Bayer ADVIA 1200 clinical chemistry system. Fasting glycemia concentration was based on the criteria adopted for diagnosing type-2 diabetes mellitus. 21 Insulin was assayed in serum by a chemiluminescence method, using the Immulite 2000 Immunoassay System (Siemens, Munich, Germany). The homeostasis model assessment (HOMA) method determined insulin sensitivity. 22 Insulin resistance was considered to be present when HOMA was X2.5, using the following formula: HOMA ¼ fasting glucose (mmol/l) Â fasting insulin (mU/ml)/22.5. 23, 24 Blood pressure was measured, early in the morning, using the HDI/Pulse Wave-CR-2000 Cardiovascular Profiling System, a non-invasive system that evaluates hemodynamic parameters. 2, 20 The cuff bladder width was B40% of the upper arm circumference and the bladder length was B90% of the arm circumference. The cuff was provided by the HDI Company, and was considered adequate for children from 5 to 8 years of age. The measurement was performed while the child was lying on a gurney after a 10-min resting period and only if the child was not tense, agitated or crying. Arterial hypertension in children was defined as a systolic blood pressure (SBP) or diastolic blood pressure (DBP) equal to or higher than the 95th percentile for gender, age and height, according to the criteria proposed by the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents. 25 The software Stata version 9 (College Station, TX, USA) was used for storage and statistical analysis of the data. Absolute and relative frequencies, mean and s.d. were used for description of the sample studied.
Univariate linear regression was performed to assess the associations between hs-CRP and birthweight, and each of the other independent variables investigated (gender, age, per capita income, BMI, waist circumference, total cholesterol, LDL-c, HDL-c, triglycerides, glucose, insulin, HOMA, SBP and DBP). Afterwards, the associations presenting a significance level of Pp0.20 (gender, age, per capita income, BMI, waist circumference, HDL-c, triglycerides, HOMA, SBP and DBP) entered into a multivariate linear regression model, and were selected by the backward stepwise selection method. In the final model, the variables with a Po0.05 were considered as being statistically significant.
The research was carried out in accordance with the Declaration of Helsinki of the World Medical Association, and was approved by the Ethics Committee of the School of Public Health, University of São Paulo.
RESULTS
The sample consisted of 459 children, corresponding to 61.6% of mothers who were located and invited to participate in the study (total ¼ 745). From the 506 mothers and respective children selected for the study, 47 of them excluded: 42 had incomplete data and 5 presented hs-CRP values above 10 mg/l, suggestive of subclinical infection, 19 with 459 children left. Comparison of some characteristics between the children included in the study and those who did not participate showed a significant difference in age, the youngest children did not conclude the study (P ¼ 0.01), whereas no differences were observed for birthweight and per capita income.
The characteristics of the children included in this study (n ¼ 459) are presented in Table 1 . Most of the children had a birthweight from 2500 to 3500 g (68%), were female (53.2%), aged Percentiles that define low and high systolic and diastolic blood pressure in children and adolescents. 25 e Mean arterial blood pressure in mm Hg.
hs-CRP, birthweight and cardiovascular risk markers PH Rondó et al from 6 to 7 years (52.7%). Approximately one-third of the participants had a monthly per capita income X1 Brazilian Minimum Wage (1 Brazilian Minimum Wage ¼ BUS$ 77). According to the CDC BMI percentile classification (http://www.cdc.gov/ GROWTHCHARTS/), 43 (9.4%) of the children were underweight, 316 (68.8%) were normal, 61 (13.3%) were at risk of becoming overweight and 39 (8.5%) were overweight. Almost 27% of the children were above the 95th percentile of the British waist circumference standard. 18 According to the American percentiles of the hs-CRP levels for white adults, 19 72.3, 15.9 and 11.8% of the children, respectively, had low, intermediate and high cardiovascular risk. Total cholesterol was high (X170 mg/dl) in 151 (32.9%) of the children. Nineteen children (4.1%) had abnormal concentrations of LDL-c (X130 mg/dl) and 66 (14.4%) presented concentrations of HDL-c lower than the recommended (45 mg/dl). A total of 20 (4.4%) children had elevated triglyceride concentrations (X130 mg/dl). High fasting glycemia (100-125 mg/dl) was observed in 57 (14.4%) of the children, and 17 (3.7%) presented an abnormal HOMA index (X2.5 mmol/l Â mU/ml). Approximately, 35% and 5% of the children, respectively, showed SBP and DBP Xthe 95th percentile. Table 2 shows the results of univariate linear regression analyses considering hs-CRP as the dependent variable, and birthweight, gender, age, per capita income, BMI, waist circumference, total cholesterol, LDL-c, HDL-c, triglycerides, glucose, HOMA, SBP and DBP as independent variables. From these variables, only birthweight, total cholesterol, LDL-c, triglycerides and glucose did not show statistically significant associations with hs-CRP. The associations presenting a significance level of Pp0.20 at the univariate linear regression (gender, age, per capita income, BMI, waist circumference, HDL-c, triglycerides, HOMA, SBP and DBP) entered into a multivariate linear regression model, and were selected by the backward stepwise selection method. Table 2 also presents the results of two multivariate linear regression models. In the first model, hs-CRP was negatively associated with age (Po0.001) and HDL-c (P ¼ 0.005), and positively associated with gender (P ¼ 0.001), waist circumference (Po0.001) and SBP (P ¼ 0.03) (adjusted R 2 ¼ 0.15). In the second model, SBP was excluded from the analysis, but the negative associations between hs-CRP and age (Po0.001), and HDL-c (P ¼ 0.006), and the positive associations between hs-CRP and gender (P ¼ 0.001), and waist circumference (Po0.001), persisted (adjusted R 2 ¼ 0.14).
DISCUSSION
The results of this study did not detect a statistically significant association between hs-CRP and birthweight, but positive associations between hs-CRP and gender, waist circumference, and SBP, and negative associations between hs-CRP and age, and HDL-c. Similar to other studies, our findings do not support the concept of fetal programming and its pathophysiologic consequences later in life by linking hs-CRP in childhood to birthweight. Gillum et al. 10 did not find an association between CRP and birthweight in a sample of 996 children 6-11 years of age from the NHANES III. Oldroyd et al. 11 followed 74 British-born infants of South Asian origin and 129 European infants prospectively from birth to assess the relationship between birthweight, weight gain and CRP concentrations. The authors did not find any association between those variables. A study carried out in Bangladesh 12 involving 132 children aged 5 years showed higher concentrations hs-CRP, birthweight and cardiovascular risk markers PH Rondó et al of CRP in low birthweight children than in those with normal birthweight. However, CRP concentrations were within the normal range, and did not indicate the presence of acute inflammation. Studies involving adults have shown that low birthweight contributes to elevated blood CRP concentrations. 4, 5 However, according to Skinner et al. 26 there may be a potential to demonstrate an association between birthweight and CRP concentrations in these studies caused by intensified differences with time, considering that CRP-concentration-associated metabolic changes increase with age.
Female adults have shown higher concentrations of CRP than males, 27 and this difference seems to initiate in childhood. Casimir et al. 28 reported that during acute inflammation, CRP is higher in female than in male children o10 years of age. A study with prepubescent adolescents suggested that genetic predetermination is a more likely explanation for the relationship between CRP and gender than hormonal influence. 29 In adolescents aged 14.1 (2.9) years with type 1 diabetes, hs-CRP concentration was also associated with female gender. 30 In conclusion, females apparently express higher immune reactivity and more robust inflammatory responses, 31, 32 with increased resistance to infections than males.
Considering that CRP-concentration-associated metabolic changes increase with age, a positive association between hs-CRP and age is expected. As has been pointed out by Tsai and Tsai, 33 in old men (X65 years), hs-CRP and age are positively related. However, in our study, there was a negative association between the two variables. It is difficult to interpret this result, considering the close age range of the children (5-7 years); only one child had 8 years of age.
Adipose cells secrete proinflammatory cytokines, particularly interleukin-6 that stimulates hepatic production of CRP. The positive association between hs-CRP and waist circumference, probably the best anthropometric measure of central fat, 34 has been found in several studies involving adults, 35, 36 but in few studies with young children. Shea et al. 37 and Corvalán et al.
38
observed no relationship between CRP and waist circumference in studies involving 491 healthy 2-3 years old Hispanic children, and 324 Chilean children 4 years of age, respectively. Brown et al.
39
referred that children aged 5-6 years did not show a significant relationship between CRP and adiposity, whereas it was highly significant for children aged 8-9 years. Apparently, the absence of an association between CRP and waist circumference in younger children may be due to insufficient fat mass in these children, or a time delay in the link between increased adiposity and the initiation of inflammatory processes. Our children were in an age range (5-8 years) intermediary to the groups of children investigated. Skinner et al. 26 observed that the association between adiposity and inflammatory markers had a peak at age range 9-11 years, apparently related to the adiposity changes in the early pubertal period.
Yudkin 17 has proposed that a state of low-grade inflammation, consequent upon the production of proinflammatory cytokines, particularly from central fat, explains the observed relationships between the presence of proinflammatory cytokines with subsequent increase in CRP concentrations, decreases in HDL-c, increase in triglycerides, impaired glucose tolerance, insulin resistance, endothelial dysfunction and hypertension. Based on this model, which considers a central etiological role for inflammation in relation to the metabolic syndrome, we deduced that HDL-c and blood pressure should not be contemplated in the final multivariate linear regression model, because they seem to be a consequence of inflammation. However, serum lipoproteins, such as LDL-c and HDL-c are among other factors that are able to bring about changes in inflammatory homeostasis. 40, 41 For example, oxidized LDL-c has been shown to have the capacity to activate complement and a cascade leading to the release of proinflammatory cytokines, 41 whereas HDL-c reduce the inflammatory burden through several anti-inflammatory and antioxidant mechanisms, 42 protecting against CVDs. In fact, a recently published study has shown that serum lipids modify periodontal infection-hs-CRP concentrations. 43 The results of the study suggest that the relation of infection to the systemic inflammatory condition is more complicated than previously presumed. Sung et al. 44 observed that adults with higher CRP concentrations had significantly lower HDL-c. The authors referred that the number of individuals with metabolic syndrome and its components increased significantly as the mean CRP values increased, implying that individuals with elevated CRP concentrations are metabolically unhealthy. Lambert et al. 45 observed a strong association between increased CRP and both low HDL-c and high triglyceride concentrations (independent of BMI and fasting insulin concentrations) in children and adolescents aged 9-16 years. A negative association between hs-CRP and HDL-c has also been observed by other researchers 46, 47 in studies involving children and adolescents.
The statistically significant association between hs-CRP and SBP has probably its origin in a common factor that is central fat deposition and inflammation. 16 In fact, increases in concentrations of hs-CRP are responsible for insulin resistance 16 and probably decreases in arterial elasticity, 1 with subsequent hypertension, 48 explaining in the univariate analysis the associations between hs-CRP and HOMA and SBP. Similar to our results, Moran et al.
49
observed that after adjustment for adiposity, CRP levels in children aged 10-16 years were not significantly associated with insulin resistance. In view that hs-CRP was the outcome of interest in this study, we have decided to exclude the variable SBP from the multivariate liner regression model to assess how much variations it could explain in hs-CRP. The R 2 of the model including the variable SBP was 0.15, and without it the R 2 was 0.14. SBP did not explain the variation in hs-CRP concentrations to a large extent.
hs-CRP and socioeconomic status were not associated. The variable 'per capita income' lost its significance when other variables of interest were included in the multivariate regression model. However, children from lower socioeconomic status apparently are more exposed to inflammation/infection than children from higher socioeconomic status. 13 Broyles et al.
50
carried out a study involving 385 children 5-18 years of age to investigate the relationship between CRP concentrations, and poverty and stress. Children living in neighborhoods with high levels of poverty or crime had elevated CRP concentrations compared with children from other neighborhoods. This result is consistent with a psychosocial pathway favoring early development of cardiovascular risk in children exposed to socially-and physically disordered neighborhoods. Based on hs-CRP concentrations for white adults, 19 B29% of the children included in this study had intermediate and high cardiovascular risk, a disturbed result, considering the age of the children. However, we do not know if similar cutoffs of CRP levels would be applicable to children.
It is necessary to address some limitations of our study. First, we used a single blood measurement to determine inflammatory status, which might not accurately reflect long-term inflammatory status. Although children with acute or chronic infections were excluded from the study, we cannot be sure that elevated concentrations were not caused by the onset of an infection. However, to further minimize the impact of an ongoing infection, subjects with CRP concentrations 410 mg/l were excluded from the analysis. Second, because of the cross-sectional design of the study, we cannot establish clearly the causality and directionality of the association.
CONCLUSION
Opposite to the studies involving adults, there was no association between hs-CRP and birthweight, implying that time may strengthen the relationship, considering that hs-CRP-concentration-associated metabolic changes increase from childhood to adulthood. The associations between hs-CRP and waist circumference, HDL-c and SBP in very young ages is a matter of concern, especially in females, in view of the large number of children with abnormal values of these measurements. It is also very important to know if high levels of hs-CRP in childhood, suggestive of subclinical inflammation, would lead to persistently high CRP levels in adulthood and influence the development of chronic diseases.
